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ABSTRACT 
The interaction of antibody with its corresponding antigen is highly specific 
and involves noncovalent interactions such as hydrogen bonding, electrostatic inter-
actions and hydrophobic interactions. These noncovalent interactions are likely to 
be influenced by pH, ionic strength, temperature and organic solvents. In this thesis 
an attempt has been made to systematically investigate the effect of these variables 
on lysozyme antilysozyme interactions. 
Antibody was raised in rabbits against hen egg white lysozyme. The en^one 
was purified by ion exchange chromatography on an Amberlite IRC-50 column 
equilibrated with 70 mM sodium phosphate buffer pH 7.2 and eluted using a linear 
salt gradient of 0-2 M NaCl. Polyacrylamide gel electrophoresis of the ensyme 
preparation in 15% crosslinked gel iny3-alanine acetic acid buffer pH 4.0 indicated a 
single coomassie stainable protein band suggesting charge homogeneity of the 
preparation. The size homogeneity of the enzyme preparation was indicated by the 
presence of a single protein band in SDS PAGE in 15% crosslinked gel and in 50 mM 
Tris, 0.384 M glycine buffer pH 8.7 containing 0.1% SDS. 
The quantitative precipitin titration of lysozyme against antilysozyme an-
tibodies showed maximum precipitation at antibody to antigen ratio of 2.5 : 1. 
Subsequent studies to be described below, were carried out keeping this ratio of the 
concentrations of antibody and antigen. 
The effect of ionic strength was studied by measuring the amount of antibody 
precipitated specifically in 70 mM sodium phosphate buffer pH 8.0 containing O-l.OM 
ni 
NaCl. With increase in sodium chloride concentration in the phosphate buffer from 
0-1.0 M the amount of protein precipitated decreased by 29%. The time course of 
the interaction of lysozyme with antilysozyme antibodies was studied in 10 mM sodium 
phosphate buffer pH 8.0 and at much reduced concentration of sodium chloride 
(0-0.07 M). The rate of the reaction decreased slightly with increase in sodium 
chloride concentration from 0-0.07 M. 
The effect of pH on lysozyme antilysozyme interaction was investigated in the 
pH range of 5-10.5, using citrate phosphate (pH 3,00 to 6.0); sodium phosphate (pH 
6.0 to 8.0); boric acid - borax (pH 8.0 to 9.0) and glycine-NaOH buffers (pH 9.0 to 
10.5). Precipitation increased with increase in pH from 5.0 to 8.0. Further increase 
in pH beyond pH 8.0 caused substantial decrease in the antibody-antigen precipita-
tion. The pH precipitation profile resembled a typical pH activity profile vdth the 
middle points occuring at 6.3 and 9.6. That the decrease in precipitation at extreme 
pH values were not due to the irreversible inactivation of antibody or antigen because 
of their exposure to acidic or basic pH values, was indicated by the observation that 
lysozyme as well as the antibody retained most of their activities after exposure to 
acidic or basic pH values. The pH precipitation profile suggested the involvement of 
two ionizable groups with apparent pK values of 6.3 and 9.6. These groups are likely 
to be contributed by lysozyme and or antilysozyme antibodies. 
The effect of temperature on the precipitin reaction was studied in 70 mM 
sodium phosphate buffer pH 8.0 by the light scattering measurements at 350nm. The 
extent of turbidity developed in 2 hours due to antibody-antigen interaction was 
IV 
measured at 350nm and was plotted against temperature. The results showed maxi-
mum precipitation at 37°C. 
The effect of eleven organic solvents on lysozyme antilyso2yme interaction was 
studied in 70 mM sodium phosphate buffer pH8.0 in the presence of varying con-
centration of organic solvents. The organic solvents were :l,4-dioxane, 1-propanol, 
1,2-propanediol, 1,2-ethanediol, glycerol, dimethylsulfoxide, N,N-dimethylfor-
mamide, acetonitrile, methanol, 2-propanol and 2,2,2- trifluoroethanol. 
The activities of lysozyme and antilysozyme antibodies were measured at 
appropriate concentrations of organic solvent. The results indicated that the antigen 
and antibody regained their full activities upon reverting to the native conditions. The 
amount of protein precipitated in the presence and absence of organic solvent after 
incubation of lysozyme with antilysozyme antibodies for overnight was plotted against 
the concentration of organic solvent. The solvent concentration corresponding to 
50% inhibition of the precipitation i.e., C50 was computed from the curve for each of 
the organic solvents. 
Among the seven organic solvents containing hydroxyl groups 1,2- ethanediol, 
glycerol and 2,2,2-trifluoroethanol showed similar inhibitory effect on precipitation. 
Likewise 1-propanol and N,N- dimethylformamide had the same deleterious effect 
on the antibody-antigen precipitin reactions. Dimethylsulfoxide was found to be more 
inhibitory than 1-propanol. But the most effective inhibitor was 1,4-dioxane followed 
by acetonitrile which removes all the noncovalent interactions mediating an antibody-
antigen interaction. The results showed that the inhibitory effect of an organic solvent 
correlates very well with its denaturing capacity. The effect of well known denaturant 
urea on the precipitin reaction was studied in 70 mM sodium phosphate buffer pH 8.0 
containing 0.15 M NaCl in the concentration range of 0-2 M. At 2 M concentration 
the amount of protein precipitated was only 11% which represented 90% reduction 
in the precipitin reaction. This is understandable since urea is a well known protein 
denaturant. 
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INTRODUCTION 
INTRODUCTION 
Lysozyme (E.G. 3.2.1.17) is an enzyme found in a wide range of species from 
mammals, birds, fishes and invertebrates to bacteriophages, bacteria, fungi and plants 
(Jolles and Jolles, 1984). It is found in various tissues and secretions. The type of 
lysozyme found in hen egg white is representative of a class designated chicken or ' C 
type lysozyme. All mammalian lysozyme are of the ' C type. 
Lysozyme acts as a glycoside hydrolase (Imoto et al., 1972) hydrolyzing the 
glycosidic bond between C-1 of N-acetyl muramic acid and C-4 of N-acetyl 
glucosamine of bacterial cell wall polysaccharide (see Fig.l). 
AMINO ACID COMPOSITION 
The amino acid composition of lysozyme is given in Table I. Evidently the 
protein is basic. All of its eight cysteine residues are involved in the formation of four 
disulphide bonds. It has a relatively high content of tiyptophan. Further it also shows 
that all the 20 amino acids are represented at least once. 
SOLUTION PROPERTIES OF HEN EGG WHITE LYSOZYME 
Some of the important molecular properties of hen egg white lysozyme are 
summarized in Table II. Results on sedimentation coefficient taken together with 
diffusion coefficient and frictional ratio suggest that the molecule is very compact and 
globular. The intrinsic viscosity of native protein is 2.7 cc/gm which again shows that 
the molecule is compact and globular. On denaturation in 6 M Gu HCl and reduction 
of the four disulphide bonds by 2-mercaptoethanol, the intrinsic viscosity increases to 
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Fig. 1 Schematic representation of the mode of cleavage 
by lysozyme. 
(a) Hydrogen bonding between tri-NAG and 
lysozyrae (b) first step in catalysis where the 
glycosidic bond is cleaved and a carbonium 
intermediate is generated _{c) completion of the 
cleavage by addition of 0H~ ion to carbonium ion 
intermediate and H to Glu-35. 
TABLE-l 
AMINO ACID COMPOSITION OF HEN EGG WHITE LYSOZYME 
Amino acid Number of residues/mol* 
Trp 6 
Lvs 6 
His 1 
Arg 11 
Asp 7 
Asn 14 
Thr 7 
Ser 10 
Glu 2 
Gin 3 
Pro 2 
GIv 12 
Ala 12 
1/2 Cystine 8 
Val 6 
Met 2 
He 6 
U u 8 
Tvr 3 
Phe 3 
Total 129 
* Based on amino acid sequence of the enzyme (Canfield, 1963; Jolles et al., 1963; 
Brown, 1964; Canfield and Liu, 1965; Imoto et al., 1972; Rees & Offord, 1972; 
Phillips, 1974; Ibrahimi et al., 1979) 
TABLE II 
SOLUTION PROPERTIES OF HEN EGG WHITE LYSOZYME 
S.No. Property Value Reference 
1 Molecular weight ... 
a. Native condition 14,300 Aune (1968) 
b. 6M Gu HCl + O.IM RSH 14,300 ( ( 
2 Sedimentation coefficient(S) in O.IM KCl 1.84 « 
3 [ ] in cc/g ... « 
a. Native condition 2.7 
b. 6 M Gu HCl + 0.1 M RSH 17.1 
4 EV^ m^ at 281.5 nm in 0.1 M KCl pH 3.65 26.41 
« 
5 Partial specific volume, v2 (cc/g) 0.714 Charlwood (1957) 
6 Fluorescence (in water) ... Grandi, et al., (1981) 
a. excitation maxima 295 nm 
b. emission maxima 340 nm 
17.1 cc/g. The reduced protein in 6 M Gu HCl behaves as a linear random coil. The 
fluorescence spectra is characteristic of protein containing tryptophan residues. 
In lysozyme ciystals the number of ordered water molecules has been found 
to be 110 and 140 for triclinic and tetragonal forms respectively. The highest solvation 
being around the charged side chains (Asp, Glu, Lys & Arg) and others being hydrogen 
bonded to peptide C = 0 and NH groups. Studies of lysozyme powders equilibrated 
with water in air have shown that catalysis occurs at a hydration level (0.2 gm water 
per gram enzyme approx. 160 water molecules per molecule of enzyme) well below 
the monolayer water coverage (Rupley et al., 1980). Calculations based on crystal 
structure have shovm that the surface area of a lysozyme molecule is about 6000^1®^ 
and about 300 water molecules are sufficient to cover the surface (see Rupley and 
Careri, 1991). 
CRYSTAL STRUCTURE OF LYSOZYME 
The three dimensional structure of lysozyme was studied by X-ray crystal-
lography in the early sixties (Blake et al., 1962,1965,1967a; Phillips, 1966, 1967). In 
fact this was the first enzyme whose three dimensional structure was solved by X-ray 
diffraction method. Since then this protein has been the target of numerous investiga-
tions, both structural and immunological. This has been possible mainly due to its easy 
isolation procedures, small size and hence ease in manipulation. The structure of hen 
egg white lysozyme in solution has recently been worked out by 2D NMR (Smith et 
al., 1993). 
The lysozyme molecu le has the shape of a p r o l a t e el l ipsoid 
(4.5 X 3.0 X 3.0 nm) and is divided structurally into two domains (Fig. 2). The first 
domain accommodating residues 1-39 and 85-129 contains four a helices and one 
single turn of 3io type helix. Of the four a -helices, three are on the protein surface 
(residues 4-15,88-90 and 108-115) and are partially exposed to the solvent. The fourth 
a -helix (residues 24-36) is totally buried. There are short stretches of loops and turns 
connecting the helices. The 3io helix (residues 119-124) is partially exposed to the 
solvent. 
The second domain(residues 40-84) contains a three stranded anti- parallel /S 
pleated sheet (residues 42-60), a s m a l l s h e e t (residues 1-2 & 39-40), a single turn 
of 3io helix (residues 79-84) and a long coiled loop region (residues 61-78) between 
the l a rgeshee t and the 3io helix. In between the two domains a cleft is formed which 
lines the active site residues. Residues lining the cleft include sheet residues GIu-35, 
Thr-43, Asn-44, Asn-46, Asp-52, Leu-56, Gln-57, Ile-58, Asn-59, Trp-62, Trp-63, 
Arg-73, Ile-98, Asp-101, Gly-102, Asp 103, Ala-107, Trp 108, Val 109, Ala-110 and 
Arg 112. The critical role in the catalytic function of enzyme are played by the 
residues Asp- 52 and Glu-35. 
In general, hydrophobic residues are most likely to occur in the interior of the 
protein whereas hydrophilic or polar residues occur on the surface of the molecule. 
But a substantial portion of the solvent accessible surface area of a protein is 
composed of nonpolar residues (Klotz, 1970). In lysozyme the nonpolar residues 
occuring on the surface are Val-2, Phe-3, Leu-17, Phe- 34, Leu-75, Trp-123, Pro-70 
Fig. 2 Ribbon diagram showing the main chain fold of the 
tetragonal type 2 crystal structure of hen lysozyme. 
Here, A,B.C and D are the 4-« helices. 
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and Pro 79. With Trp-62, Trp-63, He- 98, Trp-108 and Val 109 being on the surface of 
the cleft. Examples of least exposed ionizable side chains are Asp-66, Asp- 52, Tyr-53, 
His-15 and GIu- 35. Further, among the aromatic aminoacids there are at least 2 out 
of 3 phenylalanine, 1 out of 3 tyrosine, and 3 out of 6 tryptophan residues which are 
exposed to the solvent. As can be seen in Fig.3 all the basic aminoacid residues are 
exposed to the solvent. 
There are four disulphide bridges, between residues 6 and 127,30 and 115,60 
and 80, and 70 and 94. These are the features consistent with the tetragonal crystalline 
form of lysozyme. Other crystalline forms include monoclinic (Artymink et al., 1982), 
triclinic (Joynson et al., 1970, Moult et al., 1976) and orthorhombic form (Artymink 
et al., 1982). Though these crystalline forms have essentially the same conformation, 
lysozyme molecules are more closely packed in a triclinic crystal than in a tetragonal 
crystal. 
Considerable variation in the conformation of the loop region in solution and 
in crystal form have been recognized. In general the deviation is more pronounced in 
case of residues exposed to solvent. Thus the conformation of Thr 47, Pro 70, Gly 71, 
Asp 101, Gly 102, Gly 126, Arg -128 and Leu 129 in crystal form was found to be 
different in the crystal and solution (Smith et al., 1993). 
Based on analysis of crystal strucmre data the amount of a - helix was found to 
range from 35-44% (lower range indicating regular helices and upper range including 
3io as well as distorted helices). The amount of;3 -structure was found to be 18%. On 
the basis of CD measurements the percent of a - helk and y3-structure in one study 
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was found to be 29% and 11% respectively (Greenfield and Fasman, 1969). In another 
study (Chenetal., 1974) these valueswere 37% and l l%for a -helicesand/3 structure 
respectively. 
PROTEINS AND PEPTIDES AS ANTIGENS 
Among the cellular macromolecules namely proteins, carbohydrates, lipids, 
lipoproteins etc., proteins are the most potent immunogens. This particular property 
is attributed to their complex nature. 
The part of antigen contacting the antibody is referred to as the antigenic 
determinant or more commonly the epitopes. Its complementary surface on the 
antibody is the paratope. There are two contrasting views on the definition of epitope. 
According to one view an epitope is an intrinsic feature of a protein and that 
immunogenicity of sites is inherent in their three dimensional location (Kazim and 
Atassi, 1978; Sakataand Atassi, 1980; Kazim and Atassi, 1982;Hurrel etal., 1978).That 
is only a few discrete patches of protein surface are antigenic. Another more widely 
held view says that epitopes are relational entities since they are recognized only by 
its binding to the paratope (Van Regenmortel, 1989a, Van Regenmortel, 1989 b). 
Thus an epitope is not an intrinsic feature of a protein (Arnon and Van Regenmortel, 
1992). Further the entire surface of a protein is antigenic and that these are often 
overlapping (Benjamin et al., 1984; Van Regenmortel, 1986; Berzofsky, 1985). 
Differences have been found regarding the nomenclature of epitopes. Accord-
ing to Sela (1969) protein antigenic determinants could either be sequential or 
conformational. If the primary sequence is the major binding sites the epitopes will 
11 
be sequential. However, it is very difficult to distinguish between the two categories 
of antigenic determinants because each sequence will dictate its own conformation. 
Atassi and Smith (1978) referred epitopes as continuous and discontinuous. The 
discontinuous nature of epitopes is supported by molecular modelling studies. Novot-
ny and coworkers (1989) have more recently defined epitopes as those contributing 
the most towards the binding and stabilization of antibody antigen complexes 
Feature of protein structure that determine and regulate the antigenicity of 
sites includes surface accessibility, segmental mobility, hydrophilicity and proximity 
of a site recognized by helper T-cell (Steward and Howard, 1987). Accessibility is 
clearly a 'sine qua non' for an antigenic determinant to be recognized by an antibody 
specific for the native conformation (Novotny and Haber, 1986; No\ otny et al., 1987; 
Berzofsky, 1985). Further, the terminal residues of proteins are predominantly surface 
oriented (Thornton and Sibanda, 1983), which may explain why N-terminal and 
C-terminal residues frequently possess antigenic activity. 
Besides accessibility, hydrophilicity has been proposed as an indication of 
immunogenicity (Hopp and Wood, 1981; Fraga, 1982; Hopp, 1986). The model 
analyzed 12 proteins and the most hydrophilic sites were found immunogenic in most 
of the cases. A serious limitation rests in the fact that a significant portion of nonpolar 
residues are surface oriented (Lee and Richards, 1971; Connolly, 1983). 
A third factor which many proposed to be antigenic was mobility and the first 
experimental evidence correlating antigenicity and mobility was provided by an NMR 
study of cytochrome c (Moore and Williams, 1980). The dynamics of protein structure 
12 
has been emphasized (Kaqjlus and Mc Cammon, 1983) and information regarding 
the mobihty of protein structure could be provided by NMR studies, X- ray crystal-
lography and hydrogen- deuterium exchange rates. While NMR studies depend on 
the motion of side chains such as rapid flipping, X-ray crystallographic smdies provide 
information in terms of the atomic temperature factors, or B values or the Debye 
Waller factor which represents the mean square displacement of each atom from a 
well defined average position.Further, the X-ray structure of coat protein (Tainer et 
al, 1984) and one onhaemerythrin and myogobin (Westhof et al., 1984) have indicated 
that antigenicity is correlated with mobile surface segments. It has also been suggested 
that these flexible regions are usually exposed to the solvent and are without any 
secondary structures (Atassi, 1984; Tainer et al., 1984; WiUiams and Moore, 1985). 
A more recent review (Janin and Chothia, 1990) based on B- values of X-ray 
crystallographic structures have shown that in lysozyme the contact residues of D 1.3 
(Amit et al., 1986), HyHEL 5 (Sheriff et al., 1987) and HyHEL-10 (Padlan et al., 1989) 
antibodies have an average B value ranging from 6.2-6.7. This is not much compared 
to the average B-value of all the residues of lysozyme which is 6.7, thereby suggesting 
that mobile regions may not necessarily be antigenic regions of proteins. 
Immunogenicity with regard to the host factors is certainly limited by self 
tolerance. Thus antibodies can only be made when the antigen in injected in a 
heterologous species. In the host Ir genes play a role in regulating the ability of an 
individual to make antibodies to a speciJSc antigen (Berzofsky, 1987) Further, for a 
13 
protein or peptide to be an efficient immunogen, it should be able to evoke both B 
and T cell response. 
An antibody molecule combines with its antigen through the complementarity 
determining regions (CDRs). Since the repertoire of antigen to which it combines is 
large it is understandable that the aminoacid residues comprising the CDRs have 
greater functional versatility. These residues have both polar and nonpolar groups in 
them and generally the nonpolar end is buried and the polar end protrudes out. These 
polar atoms have the potential of forming hydrogen bonds and additional stability of 
the complexes is provided by hydrophobic interactions. Furthermore the residues of 
the CDRs should possess a flexible side chain to improve complementarity of the 
interacting surfaces. Since the specificity of such interactions are dictated by 
hydrogen bonding, the residues at the interface should also have the capacity to 
hydrogen bond and act preferably as both a hydrogen bond donor as well as hydrogen 
bond acceptor (see Table III). Residues conforming to this class are His, Cys, Ser, 
Thr, Tyr, Asn & Gin. Sequence analysis data of antibody molecules supports the above 
contentions where the aminoacids, Asn, Ser, Trp and Tyr have bean found to have a 
higher than average probability of occurence at potential binding sites (see Table IV). 
It can be seen that there is an 8 fold increase in the Tyr and Trp residues at the known 
binding positions when they are compared with the vertebrate average. This is 
followed by Asn & Ser where there is a two fold increase of these residues at the known 
binding positions and Asp where the increase is 1.5 fold. In view of the limited 
availability of X-ray crystallographic data on antibody-antigen complexes it is difficult 
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TABLE III 
HYDROGEN BONDING POTENTIALS OF AMINO ACID RESIDUES 
Residues Atom H-Bonding Property 
Arg Donor 
A/71 Donor 
Donor 
Lys Donor 
His Acceptor/Donor 
Acceptor/Donor 
Asn Acceptor 
Donor 
Gin Acceptor 
Donor 
Asp Acceptor 
0S2 Acceptor 
Glu Acceptor 
Acceptor 
Ser oy Acceptor/Donor 
Thr oy Acceptor/Donor 
Tyr on Acceptor/'Donor 
Trp Donor 
Met Acceptor 
Cys sy Acceptor/Donor 
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TABLE IV 
PERCENTAGE COMPOSITION OF AMINO ACIDS IN DIFFERENT PARTS OF 
ANTIBODY STRUCTURES WITH VERTEBRATE AVERAGE SHOWN FOR 
COMPARISON 
Amino Acids Vertebrate 
average 
Variable 
regions 
CDR regions Potential 
binding 
positions 
Known binding 
positions 
A 7.2 6.44 7.06 3 J 0 1.1 
R 4.9 3.55 3.80 2.84 5.7 
N 4.1 2.55 7.44 11.97 6.8 
D 5.4 3.81 5.09 6.14 8.0 
C 2.03 0.13 0.16 0.0 
Q 3.9 5.68 4.30 0.57 1.1 
E 6.8 3.58 2.38 2.42 3.4 
G 7.6 9.40 7.01 8.68 8.0 
I 5.0 3.98 3.41 3.43 1.1 
L 8.7 1.19. 5.09 2.43 1.1 
K 6 J 4.42 4.10 2.59 0.0 
M 23 1.76 2.07 0.23 0.0 
F 4.1 2.96 2.53 2.28 3.4 
P 4.9 4.45 2.81 3.68 3.4 
S 7.0 13.84 17.27 14.88 13.6 
T 5.6 8.66 6.05 5.90 4.6 
W 1 3 2.W 1.94 552 10.2 
Y 3.2 5.31 11.08 1730 25.0 
V 6.8 6.90 4.05 2 3 4 1.1 
Amino acids in 
database 
300,000 110,816 27,007 15,054 88 
Taken from Mian et al., 1991. 
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to generalize. However the trend does indicate a preponderance of the aforemen-
tioned residues at the contact sites. 
IMMUNOBIOLOGY OF LYSOZME 
Studies on the antigenicity of lysozyme showed that antibodies raised against 
native lysozyme do not recognize or cross-react with the denatured one suggesting the 
antigenicity to be dependent upon intact conformation (Thompson et al., 1972). 
Further, peptides corresponding to the N and C terminal segments show a much 
reduced affinity for polyclonal and monoclonal antibodies compared to intact 
lysozyme (Kobayashi et al., 1982; Harvey et al., 1979; Takagaki, 1980). These studies 
thus substantiate the fact that antigenic determinants of lysozyme are assembled 
topographic determinants. 
Among the antigenic segments, the segment comprising amino acid residues 
64-80 which acquires the shape of a loop in the three dimensional structure of the 
protein is highly reaaive. The antigenicity is particularly very sensitive to aminoacid 
residues at position 68 in the sequence. The antigenicity of the loop depends upon its 
conformation. 
The antigenic determinants of lysozyme has been extensively studied by Atassi 
and co-workers. Using polyclonal antibodies they have identified three antigenic sites 
on the native molecule (Atassi, 1978). It is surprizing that none of the antigenic sites 
determined, spanned the loop residues. These results of limited antigenic sites are 
contrasting to the results obtained by a panel of monoclonal antibodies. The 
monoclonal antibodies, HyHEL-5, HyHEL-7, HyHEL-8, HyHEL-9, HyHEL-10, 
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HyHEL-11, HyHEL-12 (Smith-Gill et al., 1982; Smith-Gill et al., 1984) and Hyb CI 
(Kobayashi et al., 1982) spanned different region of the lysozyme surface. Of them 
HyHEL-5 spanned part of the loop region whereas D11.15 and HyHEL-10. included 
Atassi's second and third antigenic sites respectively. A panel of ten monoclonal 
antibodies including D 11.15, 10.6.6, D 44.2 and D 1.3 were developed by Poljak's 
group (Harper et al.,1987). These taken together with the earlier results showing that 
antigenicity is not an intrinsic feature of a protein suggest that nearly the entire surface 
of a protein is antigenic. Further, some of these monoclonal antibodies have been 
crystallized with and without lysozyme as antigen. -
The interaction of antibody with antigen is highly specific and involves non-
covalent interactions such as hydrophobic interactions and hydrogen bonding (Van 
Oss et al., 1984). With the availability of data on crystal structure of several antibody-
antigen complexes it has now been possible to quantify these interactions. Todate 11 
antibody - antigen complexes have been worked out for their three dimensional 
structure by X-ray crystallography. They are listed in Table V. 
Some of the common features of antibody-antigen complexes have been 
solved. Thus the contact region contains about a dozen hydrogen bonds, very few (0-3) 
salt linkages. There is a close fit between the surfaces of antibody and antigen so that 
V / 
water is almost excluded from the contact region (Davies et al., 1990; Ahmad & 
Salahuddin, 1994). This would imply that the interaction is fairly hydrophobic. 
However recent work of Bhat and coworkers (1994) with Fv D 1.3 - lysozyme complex 
at high resolution indicated the presence of four water molecules buried at the 
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-TABLE V 
Monoclonal antibodies against protein/peptide antigen 
S.No. Antibody Antigen Epitope Reference 
1 D1 .3 Lysozyme 18-27, 116-129 Amit et al., 1986 
2 HyHEL-5 Lysozyme 41-53,67-70,84 Sheriff et al., 1987 
3 HyHEL-10 Lysozyme 15-21,63,73-75,88-99 Padlan et al., 1989 
4 D 11.15 Lysozyme 21-23,103-106,112-119 Chitarra et al., 1993 
5 E225 D 1.3 idiotope 
(against lysozyme) 
FvDl .3 Bentley et al., 1990 
6 N C 4 1 Neuraminidase 325-330,343-347,366-
372,399-403,431-435 
Tulip et al., 1992 
7 B13I2 Myohemerythrin 
peptide 
69-75 Stanfield et al., 1990 
8 17/9 Influen/a virus 
hemagglutinin 
peptide 
100-108 Rini et al., 1992 
9 131 Angiotensin II 
peptide 
1-8 Garcia et al., 1992 
10 409.5.3 730.1.4 idiotope 
(against feline 
infectious peritonitis 
virus) 
Fv Ban et al., 1994 
11 TE33 CTP3 
(Cholera torin 
peptide 3) 
1-15 Shoham, M. 1993 
19 
interface. This would lessen the importance of hydrophobic interactions stabilizing 
the complex. Further results based on titration calorimetry suggested that the 
interaction is enthalpy driven (Bhat et al., 1994; Hibbits et al., 1994). 
The interaction of polyclonal antibodies with protein antigens leading to 
precipitin reaction has been found to be sensitive to pH, ionic strength and tempera-
ture. The sensitivity to pH and ionic strength is indicative of the fact that antibody-an-
tigen precipitin reaction is polar in nature. However the precipitin reaction has also 
been found to be sensitive to temperature and organic solvents and the nature of 
dependence of precipitin reaction on the temperature and concentration of organic 
solvents suggests the involvement of hydrophobic interaaion. It is possible that the 
initial reaction is driven by hydrogen bonding and van der Waals interactions and 
further stability is provided by hydrophobic interaction. 
OBJECTIVE 
Inspite of the fact that antibody-antigen precipitin reaction has been studied 
extensively in the past, systematic search for common features shared by all antibody-
antigen precipitin reaction regardless of the nature of antigen, has not been made so 
far. It will be interesting to identify the general features which are shared by all 
antibody-antigen precipitin reaction. An essential prerequisite for such analysis is the 
availability of data on the dependence of precipitin reaction on pH, ionic strength, 
temperature and concentration of organic solvents which are known to influence 
noncovalent interactions.In this thesis we have made an attempt to investigate sys-
tematically the effect of ionic strength, pH and organic solvents on the precipitin 
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reaction of antibody-antigen reaction involving lysozyme-rabbit anti lysozyme 
precipitin reaction. 
EXPERIMENTAL 
A. MATERIALS 
1. PROTEINS 
Bovine serum albumin (Prod. No A-2153, Lot No. lOF-0331) was obtained 
from Sigma Chemical Company, St. Louis, Mo., USA. Three times crystallized 
lysozyme (Lot No. 9042) was a product of Nutritional Biochemical Corporation, 
CJeveJand, Ohio, 
2. ORGANIC SOLVENTS 
The organic solvents namely, 1,4-dioxane (Prod. No. 18365, Lot No. S0236 
5012), glycerol (Prod. No. 24505, Lot No. NL 0446 5108), 2-propanol (Prod. No. 28895, 
Lot No. L140 4602) and dimethylformamide (Prod No. 23157, Lot No. S236 5002) 
were purchased from Glaxo laboratories India Ltd; methanol (Prod. No. 25717 F Lot 
No. 107/254 H5/D & R), acetonitrile (Prod. No. 25251F Lot. No. 069/01/530 H5/D & 
R), 1- propanol (Prod. No. 20345 L05, Lot No. 110/354/H5/D&R) and 1,2 propanediol 
(Prod. No. 89673, L05, Lot No. 112/202 H5/D & R), were products of S.D. Fine 
Chemicals Pvt. Ltd. India; dimethyl sulfoxide (Prod. No. 28216, Lot No. 1222 4/0) was 
a product of BDH Chemical Ltd. Poole. England; 1,2 ethanediol (Prod. No. 28296, 
Lot No. L 911324) was from E. Merck (India) Limited, Bombay; and 2,2,2-tri-
fluoroethanol (Prod. No. 0120114, Lot No. 390327) was a product of Spectrochem Pvt. 
Ltd. Bombay, India. 
3. MISCELLANEOUS REAGENTS 
AmberUte IRC-50 (Prod. No. 55128, Lot No. 1674850) was a product of BDH 
Chemical Ltd., Poole, England and Sephadex G-25 (Prod. No.S-5772, Lot No. 98C-
0307) was obtained from Sigma Chemical Company, St. Louis, Mo., USA. 
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Acrylamide (Prod. No. 014022, Lot No. P 915102), sodium dodecyl sulfate 
(Prod. No. 194821, Lot No. T/812485), glycine (Prod. No.074933, Lot No. T-811760) 
and tris-hydroxymethylaminomethane (Prod. No. 204982, Lot No. P/9/3320) were 
purchased from Sisco Research Laboratories, Pvt. Ltd., Bombay, India; bisacrylamide 
(Prod. No. 29227, Lot No. 2613062 A-2509) and 2-mercaptoethanol (Prod. No. 44143, 
Lot No. 6609010) were products of BDH Chemical Ltd., Poole, England; coomassie 
brilliant blue R-250 (Prod. No. B-0149, Lot No. 13H-5002), methyl green (Prod. No. 
M-8884, Lot No. 29C-0313) were obtained from Sigma Chemical Company, St. Louis, 
Mo., USA), N,N,N',N'- Tetramethylethylenediamine (Prod.No.87690, Lot No. 
15581852) was a product of Fluka, AG, Buchs, SG, Suitzerland, ammonium persulfate 
(Lot No. B 0291) was from BioGen, Bombay, India and bromophenol blue (Prod. No. 
80015, Lot No. 128/138/27113) was from S.D. Fine Chemicals, Pvt. Ltd. India. 
B. METHODS 
1. MEASUREMENT OF pH 
pH measurements were carried out on an Elico digital pH meter (model 
LI-122), in conjunction with a combined glass electrode type CL-51. The least count 
of the pH meter was 0.01 pH units. The pH meter was calibrated with 0.05M potassium 
hydrogen phthalate buffer pH 4.0 in the acidic range and with O.OIM sodium 
tetraborate buffer pH 9.2 in the alkaline range. 
2. OPTICAL MEASUREMENTS 
Absorbance of the solution in the visible range was measured on Photochem-8 
colorimeter or a Carl Zeiss Jena spectrocolorimeter (SPECKOL-10). In the 
ultraviolet region,light absorption measurements were made on a CECIL double 
beam spectrophotometer (model CE-594) using quartz cell of 1 cm path length. 
The circular dichroic measurments were made on a Jasco spectropolarimeter 
(Model J-720) using a Sekonic X-Y plotter (Model SPL 430A) and PC-AT 286 
compatible computer with 1024Kb RAM. Quartz cell of light path 1 cm was used 
throughout the investigation. Other conditions of measurement were: scan speed 20 
nm/min; band width Inm, sensitivity 5 mdeg and response time 8 sec. The observed 
ellipticity in mdeg 0 obs was converted into mean residue ellipticity, (d), by the help of 
the equation. 
Bobs (mdeg) X MRW 
l O x d x c 
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where, 
c = concentration in mg/ml 
d = path length in cm 
®obs ~ observed ellipticity in mdeg 
, ., . ,, Molecular weight MRW= mean residue weight = 7;—7—: '^-rr No. of ammo acids 
3. DETERMINATION OF PROTEIN CONCENTRATION: 
Protein concentration was routinely determined by the method of Lowry et al, 
(1951) using crystalline bovine serum albumin as a standard. A calibration curve 
between optical density and protein concentration obtained by the method of least 
squares was found to fit the equation. 
(O.D) 700 nm = 1.82 (mg of protein) + 0.021 
4. POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE): 
Polyacrylamide gel electrophoresis was carried out by the method essentially 
due to Jovin (1973) under lowpH and discontinuous buffer system. A15% crosslinked 
small pore gel was prepared by mixing 18 ml of 30% acrylamide containing 8% 
bisacrylamide, 4.0 ml of electrode buffer (containing 14.2 gm, -alanine and acetic 
acid to adjust the pH to 4.0 in a final volume of 1000 ml), and 9.0 ml of distilled water. 
This was photopolymerized using 4% riboflavin solution in water. On top of the small 
pore gel was layered 2.5% crosslinked stacking gel prepared by mixing 2.0 ml of 10% 
acrylamide solution containing 2.5% bisacrylamide, 1 ml of pH 5.0 buffer containing 
12.8 ml of glacial acetic acid, 0.46 ml TEMED, 1.0 M KOH to adjust pH to 5.0 in a 
final volume of 100 ml, 1.0 ml of 4% riboflavin solution and 4.0 ml of distilled water. 
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Protein solution was prepared by mixing 1.0 ml of protein solution in electrode 
buffer to 250^1 of 'STOP' solution (containing 20 mg methyl green, 5gm of glycerol 
and 5 ml of water). Protein sample was applied on top of the gel and electrophoresis 
carried out at 2 mA/well in the stacking gel and 4 mA/ well in the separating gel till 
the dye front passed three fourth of the separating gel. The gel was then stained with 
1% (w/v) Coomassie brilliant blue R-250 in 10%(v/v) methanol and 10% (v/v) acetic 
acid for 1 hour. Destaining was carried out mechanically \H-ith 10% (v/v) acetic acid. 
SODIUM DODECYL SULFATE POLYACRYLAMIDE GEL 
ELECTROPHORESIS (SDS PAGE) 
Sodium dodecyl sulfate poIyaCiylamide gel electrophoresis was carried out by 
a method essentially due to Laemmli (1970). For the preparation of small pore gel 
(15% crosslinking) 18 ml of 30% aciylamide solution and 0.8% N,N, methylene bis 
acrylamide,0.02 ml of N,N,N',N', tetramethly-ethylene-diamine tetra acetic acid and 
0.14 ml of 10% ammonium per sulfate were mixed. Sodium dodecyl sulfate (0.1%) 
was also present in the gel. Water was layered on top of the gel and allowed to 
polymerize. After polymerization water was removed and 2.5% crosslinked stacking 
gel was layered. 
Protein sample was prepared by mixing 1.0 ml of the sample (50 mM Tris- HCl 
buffer pH 6.8) with 0.5 ml of 'STOP' solution (containing 10% (v^) glycerol, 1% 
2-mercaptoethanol, 0.08M Tris HCl buffer pH 6.8,5 mM EDTA, 4% (w/v) SDS and 
0.002% (w/v) bromophenol blue). Electrophoresis was carried out in the 
electrophoretic buffer (0.05 MTris, 0384 M Glycine, pH 8.7 +0.1% SDS) at a current 
of 2 mA per tube in the stacking gel and 4 mA per well in the separating gel till the 
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dye front moved three fourth the separating gel. The protein band was stained with 
1% Coomassie brilliant blue R-250 dye in a mixture of 10% (v/v) methanol and 10% 
(v/v) acetic acid for 1 hour. Destaining was carried out mechanically in 10% (v/v) acetic 
acid. 
4. ION EXCHANGE CHROMATOGRAPHY 
Ion exchange chromatogaphy was performed using Amberlite IRC-50. The 
resin was washed extensively with water. After removal of fines the resin was dried in 
a Buchner funnel. The dried resin was colored and hence it was washed with acetone 
till a clear and colorless filtrate was obtained. It was then suspended in water. The 
resin was regenerated with 0.5 M NaOH for 1 hour followed by washing with distilled 
water till the pH became neutral. The resin was then treated with 0.5 M HCl for 1 
hour and washed extensively with water till the pH of the resin suspension became 
close to 8.0. The regenerated resin was packed in a column (2.2 x 9.2 cm) and 
equilibrated with 70 mM sodium phosphate buffer pH 7.2 (Operating buffer). 
IMMUNIZATION: 
Rabbits ( l i-2.5 kg) were immunized against alum precipitated lysozyme by 
the method of Kabat and Meyer (1961). Prior to immunization the rabbits were bled 
and this served as a control serum in subsequent studies. The total amount of lysozyme 
injected per rabbit was about 30 mg. After a rest of two weeks booster dose was given. 
Rabbits were bled by cardiac puncture on the fourteenth day after each successive 
booster. Clot formation was allowed to take place for 6 hours at room temperature. 
The sera was collected by centrifugation at 3000 rpm for 10 minutes. Its complement 
was inactivated by heating at 56^ C for 30 minutes. The antibody in the pooled sera 
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was precipitated with 40% ammonium sulfate and the salt precipitated antibody stored 
in the freezer. When required the salt precipitated antibody was desalted by gel 
filtration on a Sephadex G-25 column (1.66 x 9.9 cm) equilibrated with 70 mM sodium 
phosphate buffer pH 7.2. 
QUANTITATIVE PREaPITIN TITRATION: 
The quantitative precipitin titration of rabbit antilysozyme against lysozyme 
was studied in 70 mM sodium phosphate buffer pH 8.0 by standard method (Ouch-
terlony & Nilsson, 1986). First salt fractionated IgG solution was prepared in the 
phosphate buffer. To a constant amount of antibody (3480 ^ g) was added increasing 
concentration of lysozyme (3 to 34 fig) in a final volume of 1.0 ml in the phosphate 
buffer. The mixture was incubated at 37^ C for 2 hours and then in a refrigerator for 
24 hours. The antibody-antigen precipitate was isolated by centriftigation at 15,000 
rpm for 3 minutes in a Remi RM-10 microfuge and the precipitate washed twice with 
cold normal sahne. The precipitate was dissolved in 1.0 ml of 0.1 M NaOH and the 
resulting solution assayed for its protein content by the method of Lowry et al., (1951). 
The time course of interaction of lysozyme with antilysozyme antibody was 
studied by the light scattering method (Pai et al., 1993) at the equivalence zone where 
2.5 moles of antibody was found to combine with one mole of antigen. The curve was 
analyzed by least squares linear regression method as described earlier (Ansari & 
Salahuddin, 1973). 
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OUCHTERLONY DOUBLE DIFFUSION METHOD: 
Lysozyme antilysozyme reaction was carried out using the double diffusion 
method (Ouchterlony, 1949). Initially glass plates were precoated with 0.3% agar 
solution and allowed to dry. The plates were then again coated with fixed volumes 
(about 4.5 ml) of 1% agar solution.-When the gel solidified, one central and four 
peripheral wells were made. The central well contained forty microliter of antibody 
(348 ng) and the peripheral well was loaded 40 ul of antigen (6.6 ng). The ratio of 
antigen and antibody is that corresponding to the equivalence zone ratio in quantita-
tive precipitin titration. The plates were incubated for 2 hours at y f C in a humid 
chamber followed by incubation in a refrigerator for 72 hours. For staining, the gel 
was washed thoroughly with cold normal saline to remove extraneous proteins and 
then stained with 1% Amidoschwarz in methanol for 30 seconds. Destaining was 
performed mechanically with 10% (v/v) glacial acetic acid in methanol. 
MEASUREMENT OF LYSOZYME ACTIVITY: 
The activity of lysozyme was measured in 70 mM sodium phosphate buffer pH 
6.25 using Micrococcus lysodeikticus as substrate by the method essentially due to 
Smolelis and Hartsell (1949). 
The decrease in light scattering at 570 nm by the suspension of Micrococcus 
lysodeikticus which occurred in 40 minutes in the presence of increasing concentration 
of lysozyme was recorded as a function of enzyme concentration. The results are 
depicted in Fig.4. The decrease was linear upto nearly 10 ng of lysozyme in the 
incubation mixture. Typically 5 o f lysozyme was incubated with 2.7 mg of suspension 
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Fig.4 Measurement of lysozyme activity. 
In a total volume of 6.0 ml containing 70 mM 
sodium phosphate buffer pH 6.25 were taken 2 . 7 mg 
of Micrococcus lysodeikticus and increasing amount 
of lysozyme {1.6-30pg). The change in optical 
density at 570 nm V7as measured after incubation of 
the mixture for 40 minutes at 25°C. 
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ol Micrococcus fysodeikticus in an incubation mixture of 6 ml at 40 minutes and the 
decrease in optical density which occurred was recorded at 570 nm. 
RESGLTS 
RESULTS 
PURIFICATION OF LYSOZYME 
The commercial lysozyme was further purified by ion exchange chromatog-
raphy on an Amberlite IRC-50 column (2.2 x 9.2 cm) equilibrated with 70 mM 
sodium phosphate buffer pH 7.2 using a linear salt gradient of sodium chloride from 
0-2 M NaCl. The results are graphically shown in Fig. 5. Each fraction was assayed for 
its protein content by the method of Lowry et al (1951). The salt concentration of each 
fraction was measured by measuring its conductance with the help of a Toshniwal 
conductivity bridge. Conductivity was converted into salt concentration in moles/litre 
using a calibration curve between conductance and concentration of sodium chloride. 
The amount of protein eluted at an ionic strength of 0.63 showing activity of lysozyme 
was 21 mg which represents 66% yield. Rechromatography did not alter the elution 
profile. Each fraction was assayed for lysozyme activity against Micrococcus lysodeik-
ttcus. All the protein fractions showed lysozyme activity. 
The purity of lysozyme preparation was checked by electrophoresis under 
native conditions in 15% gel at acid pH i.e., pH 4.0 by the method essentially due to 
Jovin (1973). Lysozyme moved towards cathode as a single protein band (Fig.6) 
showing charge homogeneity of our preparation. That the lysozyme preparation was 
also homogenous with respect to size was indicated by SDS PAGE in tube gel (see 
Fig.7) carried out according to the method of Laemmli (1970). These experiments 
suggested that the lysozyme preparation used in these studies was homogenous both 
with respect to charge and size. 
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Fig.6. Polyaci^lamide gel electrophoresis of the purified lysozyme. 
Eighty microgram of the lysozyme was electrophoresed in 0.16 M y3-alanine 
acetic acid buffer pH 4.0 in 15% crosslinked separating gel and 2.5% crosslinked 
stacking gel. A current of 2 mA per tube was applied in the stacking gel and 4.0 
mA per tube was applied on the separating gel. The gel was stained with 0.5% 
coomassie brilliant blue R-250 and destained mechanically with 10% acetic acid 
as described in the 'Experimental section". 
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Fig. 7. Sodium dodecylsulfate polyacrylamide gel electrophoresis of the purifled 
lysozyme. 
Lysozyme ( 1 2 5 g ) was electrophoresed in 0.05 M Tris, 0.384 M glycine, 
pH 8.3 containing 0.1% SDS in 15% crosslinked separating gel and 2.5% 
crosslinked stacking gel for 6 hours. The current flow p^r tube was 2 mA in the 
stacking gel and 4 mA in the separating gel. The gel was stained with 0.5% 
coomassie brilliant blue R-250 and destained mechanically with 10% acetic acid 
as described in the 'Experimental section'. 
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In experiments on the quantitative precipitin titration the salt fractionated 
rabbit antibody against lysozyme was used throughout these studies. The precipitin 
titration was carried out using a fixed concentrations of antibody against varying 
concentration of antigen in 70 mM sodium phosphate buffer pH 8.0. Here the protein 
concentration was measured by the method of Lowry et al (1951). The total protein 
precipitated specifically with the atitigea was plotted against the antigen concentra-
tion. A typical bell shaped curve with well defined equivalence zone was obtained. At 
the equivalence zone the total concentration of the protein was 3.51 mg/ml out of 
which 0.338 mg was the actual antibody concentration corresponding to an antigen 
concentration of 0.013 mg (see Fig.8). 
The molar concentration of antibody precipitated was 2.25 x 1 0 " ^ M . The 
antigen concentration corresponding to the equivalence zo«e was 0.91 x 10"^/u M. 
Thus the molar ratio of antibody to antigen is 2.5:1. That the antigen specifically 
interacts with the antibody was also evident from the precipitin arc of Ouchterlony's 
double diffusion technique (Fig. 9) where a single fused precipitin arc was obtained 
showing a single antibody-antigen system. 
EFFECT OF IONIC STRENGTH 
The effect of ionic strength oh the precipitin reaction between lysozyme and 
rabbit antilysozyme was studied in 70 mM sodium phosphate buffer pH 8.0 containing 
O-l.OM NaCl. Three milligrams of salt fractionated antibody was incubated with 0.012 
mg of lysozyme in a total volume of 1.0 ml of the buffer and the amount of protein 
precipitated in micrograms was assayed by the method of Lowry et al (1951). The 
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Fig. 
0 10 20 30 
Antigen ( jxg ) 
8 Quantitative precipitin titration of 
antibodies against hen egg white lysozyme. 
rabbit 
In 1.0 ml of 70 mM sodium phosphate buffer pH 
8.0 were taken 3-35 ;jg of the antigen(lysozyme) 
with 3.5 mg of antilysozyme antibody. The specific 
protein precipitated was assayed by the method of 
Lowry et al. (1951). 
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Fig. 9 Immunodiffusion of rabbit antibodies against hen 
egg white lysozyme. 
The central well contained 0.35 mg of the 
antibody in 40 ul whereas the peripheral wells 
contained 1.3 ug of the antigen in 40 ul of 
solution. This ratio of the antibody and the 
antigen corresponded to the equivalence zone 
ratios in the quantitative precipitin titration 
(see Fig. 8). The gel was stained with 
Amidoschwarz and destained mechanically with 
acetic acid and methanol. 
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results are graphically shown in Fig. 10. It can be seen that the amount of protein 
specifically precipitated with antigen decreased from 286/zg at zero NaCl concentra-
tion to 203 g at 1.0 M NaCl concentration. Thus the decrease in protein precipitated 
turned out to be 29% which carmot be attributed to any experimental error. The time 
course of precipitin reaction was also investigated at different concentrations of 
sodium chloride in presence of 10 mM sodium phosphate buffer pH 8.0 (0-0.07 M 
NaCl). The concentration of antigen and antibody were the same as determined at the 
equivalence zone (see Fig.ll). The appearence of turbidity was relatively rapid the in 
absence of sodium chloride and the precipitin reaction was slower at higher sodium 
chloride concentration. When the sodium chloride concentration was increased 
above 0.07 M NaCl the rate of reaction decreased significantly. The results could be 
analyzed in term of the first order kinetics only at a salt concentration of 0-0.07 M . 
When ihe pseudo first order rate constant was plotted against the ionic strength a 
straight line was obtained (see Fig.l2). The rate constant showed measurable depend-
ence on ionic strength. 
EFFECT OF pH 
The effect of pH on the precipitin reaction was carried out in a buffered system 
using citrate phosphate buffer in the pH range 3.0 to 6.0, sodium phosphate buffer in 
the pH range from 6.0 to 8.0, borate buffer pH 8.0 to 9.0, and glycine-NaOH buffer 
from pH 9.0 to 10.5. In order to determine whether or not antigen or antibody 
molecules were irreversibly inactivated after exposure to acid or alkaline pH, the salt 
precipitated rabbit antibody (or lysozyme ) solution was dialyzed extensively against 
a buffer of appropriate pH values. The pH of the antibody solution was then raised by 
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Fig. 11 Effect of ionic strength on the time course of 
the interaction of lysozyme with antilysozyme 
antibodies -
In 1.5 ml of 10 mM sodium phosphate buffer pH 
8.0, 5.3 mg of antilysozyme antibody was taken 
with 2 0.4 jug of lysozyme in presence of 
increasing concentrations of sodium chloride from 
0-0.07 M. The sodium chloride concentrations used 
were: 0 M(«), 0.02 MO), 0.04 M(0) and 0.07 M(0). 
The time course of light scattering was measured 
at 380 nm. 
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Pig. 12 Effect of ionic strength on the rate constant of 
lysozyme antilysozyme interactions. 
For other experimental details see the legend 
to Fig. 11. 
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dialysis against 70 mM sodium phospliate buffer pH 8.0 and its antigen precipitating 
activity determined. After exposure of lysozyme to a given pH its solution was dialyzed 
against 70 mM sodium phosphate buffer pH 6.25 and its enzymatic activity measured 
with Micrococcus lysodeikticus as described in the experimental section. As can be 
seen in Table VI, the regain of antigen precipitating activity of antibody or enzymatic 
activity of lysozyme was nearly 100%. This suggested that both antibody and antigen 
regained their native format after their exposure to acid or alkaline pH and no 
irreversible loss in antibody activity has occurred during exposure to lower or higher 
pH values. 
The pH profile between lysozyme and rabbit antilysozyme antibody obtained 
by plotting the amount of protein precipitated against pH was found to be an inverted 
bell shaped curve (Fig. 13). The two arms of the curve can be taken to represent 
ionization of two critical groups on lysozyme and/or antilysozyme during antibody-an-
tigen precipitin reaction. The two arms of the curve can be constructed with apparent 
pK values of 6.3 and 9.6 for acid and alkaline arms respectively. The experimental 
points seem to lie on the curve vaUdating the choice of pK values for the two groups. 
EFFECT OF TEMPERATURE 
The effect of temperature on lysozyme antilysozyme interaction was studied 
in 70mM sodium phosphate buffer pH 8.0 containing 0.15M NaQ at equivalence zone 
(see Fig. 8). The extent of turbidity developed after 2 hours as a result of antibody-an-
tigen interaction was recorded at 350nm and plotted against temperature (Fig. 14). 
There is small but significant increase in light scattering on raising the temperature 
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TABLE VI 
REGAIN OF ACTIVITY OF LYSOZYME AND THE PRECIPITATING 
ACTIVITY OF ANTIBODY AFTER THEIR EXPOSURE TO ACID OR 
ALKALINE pH FOR 2 HOURS 
S.No. Exposure to pH ANTIGEN 
PRECIPITATING 
ACTIVITY (%) 
ACTIVITY OF 
LYSOZYME (%) 
1 5.00 103 88.9 
2 6.05 103 101.6 
3 7.00 97 85.7 
4 8.25 - 85.7 
5 9.30 92 95.2 
6 9.70 97 -
7 6.25 - 100 
8 8.00 100 
The activity of lysozyme was measured after adjusting its pH to pH 6.25. 
The precipitating activity of the antibody was determined at pH 8.00 after appropriate 
adjustment of the pH. 
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Fig. 13 Effect of pH on the precipitin reaction of 
lysozyme with antilysozyme antibodies. 
In 1.0 ml of 70 mM buffer of a desired pH were 
taken 12.4 ;ug of lysozyme with 3.38 mg of 
antilysozyme antibodies and the specific protein 
precipitated was assayed by the method of Lowry 
et al. (1951). The open circles represent the 
recovery of lysozyme activity after exposure to 
extreme pH values (pH 5.0, 9.3 and 9.7). The half 
filled circles represent the corresponding 
recovery of antigen precipitating activity of the 
antibody after exposure to the acidic and 
alkaline pH values. 
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Temperature ( ° C ) 
Fig. 14 Effect of temperature on lysozyme antilysozyme 
interactions. 
In 1.2 ml of 70 mM sodium phosphate buffer pH 8.0 
containing 0.15 M NaCl were taken 13 ^g of antigen 
with 5.8 mg of antibody and the turbidity developed 
after incubation for 2 hours was measured at 350 nm. 
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from 4°C to 37°C. Funher increase in temperature caused decrease in the extent of 
light scattering. 
EFFECT OF ORGANIC SOLVENTS: 
In order to further investigate the role of noncovalent interactions in antibody-
antigen precipitin reaction we have made a detailed study of the effects of 10 organic 
solvents on the precipitin reaction between lysozyme and rabbit antilysozyme an-
tibodies. Results are illustrated in Figs. 15-24. The precipitin reaction was studied at 
different concentrations of organic solvents given in Table VII, whose fourth column 
contains the C50 value i.e., the concentration of organic solvent required to inhibit 
50% of the total protein precipitated. The concentrations of the antibody and the 
antigen corresponded to their respective concentrations at or near the equivalence 
zone (see Fig. 8). 
In order to see the deleterious effect of organic solvent on the activity of 
lysozyme and the antigen precipitating activity of antibody, lysozyme and antilysozyme 
antibody were exposed to organic solvents at two concentrations i.e., C50 and C m a x 
for 2 hours followed by dialysis against the appropriate "buffer. The enzymatic property 
of lysozyme and the antigen precipitating activity of antilysozyme antibody were 
measured. 
The maximum concentration of 1,4 dioxane at which the activities of antibody 
and antigen were studied was 5.2% instead of 10% as listed in Table VII. The organic 
solvents had very little effea on the pH of the assay buffer i.e., 70mM sodium 
phosphate buffer pH 8.0. In extreme case (e.g., dimethylsulfoxide) the pH increased 
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Fig. 15 Effect of dioxane on the antibody-antigen precipitin 
reaction. 
Lysozyme (11.4 was incubated with 2.46 mg of 
antibody in presence of varying concentrations of the 
solvent in 1.0 ml of 70 mM sodium phosphate buffer pH 
8.0. The protein precipitated was determined by the 
method of Lowry et al (1951). The filled and half 
filled circles represent the percent recovery of the 
antigen and the antibody activities, respectively 
after exposure to the organic solvent. 
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Fig. 16 Effect of 1-propanol on the antibody antigen 
precipitin reaction-
Here 12.0 ;jg of antigen was taken with 2.9 mg of 
the antibody in presence and absence of the solvent. 
Other conditions are the same as given in the legend 
to Fig. 15. 
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Fig. 17 Effect of propylene glycol on the precipitin reaction 
of lysozyme with antilysozyme antibodies. 
Here 11.0 yig of antigen was taken with 2.6 mg of 
the antibody in the presence and absence of the 
solvent. Other conditions are the same as given in 
the legend to Fig. 15. 
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Fig. 18 Effect of ethylene glycol on the precipitin reaction 
of lysozyme with antilysozyme antibodies. 
For other experimental details see legend to 
Fig. 16. 
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Fig. 19 Effect of glycerol on the precipitin reaction of 
lysozyme with antilysozyme antibodies. 
For other experimental details see legend to 
Fig. 15. 
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Fig. 20 Effect of dimethyl sulfoxide on the precipitin 
reaction of lysozyme with antilysozyme antibodies. 
For other experimental details see the legend to 
Fig. 17. 
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Fig. 21 Effect of dimethylformamide on the precipitin 
reaction of lysozyme with antilysozyme antibodies. 
Here 12.0 }jg of antigen was taken with 2-96 mg of 
the antibody in presence and absence of the solvent. 
Other conditions are the same as given in the legend 
to Fig. 15. 
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Fig. 22 Effect of acetonitrile on the precipitin reaction 
of lysozyme with antilysozyme antibodies. 
Here 11-. 0 jag of antigen was taken with 2.5 rag 
of the antibody in presence and absence of the 
solvent. Other conditions are the same as given in 
the legend to Fig. 15. 
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Fig. 23 Effect of 2-propanol on the precipitin reaction of 
lysozyme with antilysozyme antibodies. 
Here 10.8 jig of antigen was taken with 2.4 mg 
of the antibody in presence and absence of the 
solvent. Other conditions are the same as given in 
the legend to Fig. 15. 
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Fig. 24 Effect of methanol on the precipitin reaction of 
lysozyme with antilysozyme antibodies. 
For other experimental details see legend to 
Fig. 23, 
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TABLE VII 
THE EFFECT OF ORGANIC SOLVENTS ON THE PRECIPITIN REACTION 
S.No. ORGANIC 
SOLVENT 
RANGE OF 
CONCENTRATION 
OF ORGANIC 
SOLVENT (%v/v) 
* Cso value 
% (v/v) 
t-max 
% (v/v) 
1 1,4-Dioxane 0-10 2.2 5.2 
2 1-Propanol 0-20 6.8 20 
3 l,2-Propane(liol 0-25 8.8 25 
4 1,2-Ethanediol 0-30 13.3 30 
5 Glycerol 0-25 13.5 25 
6 Dimethyl sulfoxide 0-20 5.5 20 
7 N,N-Dimethyl 
formamide 
0-20 6.1 20 
8 AcetoniU-ile 0-20 3.5 20 
9 Methanol 0-25 - 25 
10 2-Propanol 0-25 - 25 
• The C^ Q value is defined as that concentration of the organic solvent required to 
inhibit 50% of the total protein precipitated in the complex 
* * The C value is defined as the maximum concentration of a given solvent used in 
max ° 
this study. The C^ ^ values for methanol and 2-propanol could not be determined. 
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from 8.0 to 8.56. TTie values of C50 were computed from the results given in Fig. 15-22 
(see Table VII). The activities of the enzyme and the rabbit antibody were measured 
under native conditions after their e^^osure to organic solvent at two concentrations. 
Thus at 2.2% dioxane, 90% of the enzymic activity and 97% of the antigen precipitat-
ing activity were retained. With increase in dioxane concentration from 2.2% to 5.2% 
virtually full activities were shown by the antigen and the antibody. Likewise other 
organic solvents listed in Table VIII & IX had very little deleterious effect on the 
activity of antigen and antibody. 2-propanol and 1,2-propanediol are probably excep-
tions. 1-Propanol on the other hand had a marked effect on the antibody activity at a 
concentration of 20% whereas the same concentration of organic solvent had no effect 
on the enzymic activity of lysozyme. 2-Propanol, dimethyl formamide and 1,2-
ethanediol had little effect on the antibody activity at concentrations equal to C50 
values. 
The effect of methanol and 2-propanol on lysozyme antilysozyme interactions 
depicted in Fig. 23 and 24 appears to be different from the results obtained with other 
organic solvents. Here initially there is small decrease followed by increase in the 
amount of protein precipitated. In the case of 2-propanol this increase is followed by 
a sharp decrease in the extent of precipitation beyond 15%(v/v). Therefore it was not 
possible to compute the C50 value corresponding to 50% inhibition. 
TTie effect of increasing concentration of urea on the precipitin reaction of 
lysozyme with antilyso^me antibody was also investigated in 70 mM sodium phos-
phate buffer pH 8.0 containing 0.15 M NaCl and the results are given in Fig. 25. It 
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TABLE VIII 
THE EFFECTS OF ORGANIC SOLVENTS ON THE ENZYMATIC ACTIVITY 
OF LYSOZYME AND ANTIGEN PRECIPITATING ACTIVITY OF 
ANTILYSOZYME ANTIBODY 
SJ^o. ORGANIC 
SOLVENT 
CONCENTRATION 
OF ORGANIC 
SOLVENT (%, v/v) 
REGAIN OF 
ENZYME 
ACTIVITV (%) 
REGAIN OF 
ANTIBODY 
ACTIVITY (%) 
1 1,4-Dioxane 2.2 88 97 
5.2 92 86 
2 1-Propanol 6.8 102 100 
20.0 103 14 
3 1,2-Propanediol 8.8 98 93 
25 68 85 
4 1,2-Ethanediol 13.3 81 89 
30.0 70 94 
5 Glycerol 13.5 91 86 
25.0 87 80 
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TABLE IX 
THE EFFECTS OF ORGANIC SOLVENTS ON THE ENZYMATIC ACTIVITY 
OF LYSOZYME AND ANTIGEN PRECIPITATING ACTIVITY OF 
ANTILYSOZYME ANTIBODY 
S.No. ORGANIC 
SOLVENT 
CONCENTRATION 
OF ORGANIC 
SOLVENT-(%,v/v) 
REGAIN OF 
ENZYME 
ACTIVITY {%) 
REGAIN OF 
ANTIBODY 
ACTIVITY (%) 
1 Dimethyl sulfojdde 98 90 
20 85 86 
2 N,N - Dimethyl 6.1 89 87 
fonnamide 20 95 71 
3 Acetonitrile 3.5 94 99 
20 91 85 
4 Methanol (10)* 95 95 
25 97 94 
5 2-Propanol (15)* 87 80 
25 83 65 
* The values in parenthesis are not the C^^^  value 
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Fig. 25 Effect of urea on the precipitin reaction of 
lysozyme with antilysozyme antibodies. 
A fixed concentration of lysozyme (11 )jq) 
was taken with 2.9 mg of antilysozyme 
antibody in 1.0 ml of 70 mM sodium phosphate 
buffer pH 8.0 in the presence and absence of 
varying concentrations of urea and the 
specific protein precipitated was assayed by 
the method of Lowry et al (1951). 
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can be seen in Fig. 25 that increasing concentration of urea had deleterious effect on 
antibody-antigen precipitin reaction. At 2 M urea only 11% of the specific protein 
was precipitated. The decrease in the precipitin reaction was much more pronounced 
in urea than most of the organic solvents listed in Table VIII. 
The organic solvent 2,2,2-trifIuoroethanoI (TFE) disrupts the structure of 
protein at relatively higher concentration, above 20% (Buch et al., 1993). The effect 
of this organic compound on the interaction of lysozyme with rabbit antilysozyme 
antibodies was investigated in 70 mM. sodium phosphate buffer pH 8.0 (I = 0.20). The 
results are graphically shown in Fig. 26. The protein antigen (11^ g) was mixed with 
the salt precipitated antibody (3.0 mg) in a total volume of 1.0 ml. The mixture was 
incubated at 37°C and then allowed to stand in a refrigerator for 24 hours. The amount 
of protein specifically precipitated was estimated by the method of Lowry et al (1951). 
There is an initial increase in the extent of precipitation with increase in TFE 
concentration upto 5% (v/v). When the concentrations of organic solvent was in-
creased above 5%(v/v) a gradual but definite decrease in the extent of precipitation 
occurred so much so that precipitation could not be detected when the organic solvent 
concentration was raised to 20% (v/v). 
In order to see whether or not this decrease in immunoprecipitation is due to 
solvent induced changes in the conformation of the protein antigen we have inves-
tigated the circular dichroic spectra of lysozyme in the far and near ultraviolet regions 
in presence of three concentrations of organic solvent namely 12.5%, 15% & 50%. 
The results are graphically shown in Fig. 27 & 28 where it can be seen that the spectra 
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Fig. 26 Effect of TFE on the precipitin reaction of 
lysozyme with antilysozyme antibodies. 
Here 12.8 ;ag of antigen was taken with 3.3 
mg of the antibody in presence and absence 
of the solvent. Other conditions are the same 
as given in the legend to Fig. 15. 
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Fig. 27 Circular dichroic spectra of hen egg white 
lysozyme in the far ultraviolet region. 
5.0 ml of lysozyme solution (1.84 x 
10 M) in 35 mM sodium phosphate buffer pH 
8.0 were taken varying concentrations of TFE 
and the spectra recorded in the wavelength 
region of 200-250 nm. The concentrations of 
solvent used were 12.5% ( ); 15% ( ); 
50% ( ) . The spectra of native 
lysozyme ( ) is also included for 
comparison. 
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of the native lysozyme in 35 mM sodium phosphate buffer pH 8.0 is nearly the same 
as reported in the literature. 
The circular dichroic spectra characteristic were dramatically changed in 50% 
TFE and the curve resembles a curve for a typical helical protein. The ellipticity at 
208 nm and 222 nm were determined to be -21,187 and -21,524 deg cm^ decimole"^ 
residue'^ respectively in presence of 50% (v/v) TFE. It should be noted that at 
12.5%(v/v) TFE concentrations the protein has been found to exists in a molten 
globule form containing most of the secondary structure(Buch et al., 1993). Only 
tertiary structures of the enzyme is disrupted. We did not notice significant change in 
the CD spectra between 250 to 35.0 nm of native and molten globule form. However 
in 50% TFE, the residue- residue interaction in the aromatic chromophore of the 
protein appears to be dramatically altered (Fig. 28). 2,2,2- Trifluoroethanol had a 
deleterious effect on the enzyme activity measured against Micrococcus lysodeikticus 
(see Fig. 29). Even in as low as 5% (v/v) TFE there is significant decrease in enzyme 
activity. At 20% TFE concentration the activity of the enzyme was small but 
measurable. 
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Fig. 29 Effect of TFE on the activity of lysozyme 
using Micrococcus lysodeiticus as substrate. 
In a total volume of 6.0 ml containing 70 
mM sodium phosphate buffer pH 6.25 were taken 
2 .7? i i |Of Micrococcus lysodeikticus and 5 ;ug of 
lysozyme in presence of varying 
concentrations of solvent. The change in 
optical density at 570 nm was measured after 
incubation of the mixture for 40 minutes at 
25°C. 
DISCUSSION 
DISCUSSION 
The commercial sample of lyso2yme purified by ion exchange chromatography 
on Amberlite IRC-50 was homogenous both with respect to charge as well as size as 
indicated respectively by PAGE arid SDS PAGE. The purified preparation of 
lysozyme has been used throughout these studies. Further indication of the purity was 
also established from immunodiffusion results where a single precipitin arc was 
found. Results on quantitative precipitin titration showed that one lysozyme molecule 
interacts with as many as three molecules of antibody at the equivalence zone. 
Results presented here have conclusively shown that antibody- antigen 
precipitin reaction was sensitive to pH and salt concentration. This is in agreement 
with the previous findings on several antibody-antigen precipitin reactions (Ansari 
and Salahuddin, 1973; Shah, 1993; Ahmad, 1991). Our studies show that both the rate 
and the extent of antibody-antigen reaction depend on salt concentration. 
The importance of polar interactions was also emphasized by our results on 
the effect of pH on precipitin titration. The pH-precipitin curve was charaaerized by 
increase in precipitation with increase in pH from 5.0 to 8.0 and subsequent increase 
in pH caused dramatic decrease in the extent of precipitation. The pH corresponding 
to the middle point of the 'acid' arm was pH 6.3 whereas the corresponding pH of the 
'basic' arm was found to be 9.6. This appears to be the common feamres of many 
antibody-antigen precipitin reaction including human IgG-antihiunan IgG, Cajanas 
cajan - anti Cajanas cajan and ovalbumin antiovalbumin antibodies(Ahmad, 1991; 
Shah, 1993; Ansari and Salahuddin, 1973). Regardless of the acidic or basic nature of 
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protein antigens (lysozyme is basic, Cajanas cajan lectin and ovalbiunin are acidic 
proteins), the middle points of the pH precipitation curve showed very little change. 
The pK values of the acid arm lies between 5.5 and 63 whereas that for the basic arm 
was found to be between 9.0 and 9.6. Here it should be pointed out that decrease in 
precipitation is not due to any irreversible deleterious effect on antibody or antigen 
molecule exposed to extreme pH values since we found that the antigen as well as 
antibody retained most of their activities after exjM)sure to acidic or basic pH. The 
involvement of an acidic group presumably carbojq^l one in precipitin reaction is 
understandable in view of the existence of amino acids such as aspartic acid at the 
antibody-antigen contact sites (Amit et al, 1986; Sheriff et al., 1987; Padlan et al., 
1989; Chitarra et al., 1993; Stanfield et al., 1990; Rim et al., 1992; Garcia et al., 1992; 
Tulip et al, 1992; Bhat et al., 1994). 
The results presented in this thesis have conclusively demonstrated that or-
ganic solvents such as 1,4-dioxane destabilize antibody-antigen complexes. This may 
be attributed to the solvent induced denaturation or inactivation of lysozyme and 
rabbit antilysozyme antibodies. However, our observation that lysozyme and rabbit 
antilysozyme antibodies exposed to organic solvents regained their full activities upon 
returning to the native conditions where antibody-antigen reaction was studied, rules 
out the irreversible inactivation or denaturation of lysozyme and rabbit antilysozyme 
antibodies by organic solvents. Recent studies on antibody-antigen interactions have 
established that the complex is stabilized primarily by noncovalent interactions includ-
ing hydrogen bonding and hydrophobic interactions. In crystal structures of several 
antibody-antigen complexes only about a dozen hydrogen bonds have been recognized 
70 
between the contact surfaces of protein antigen or antibody, water is almost excluded 
from the contacting surfaces and the number of salt linkages is very smaU (Amit et al., 
1986; Sheriff et al., 1987; Padlan et al., 1989; Chitarra et al., 1993; Stanfield et al., 1990; 
Rini et al., 1992; Garcia et al, 1992; Tulip et al., 1992; Bhat et al., 1994; Davies et al., 
1990; Ahmad and Salahuddin, 1994). The orgamc solvents which we have used are 
likely to influence both hydrogen bonding and hydrophobic interactions. The seven 
solvents containing hydroxyl groups that were used are methanol, 2,2,2- tri-
fluoroethanol, 1,2-ethanediol, 1,2-propanediol, 2- propanol, 1-propanol and glycerol. 
Methanol and 2-propanol influence lysozyme antilysozyme reaction in an anomalous 
fashion but 1-propanol was a potent inhibitor and caused substantial reduction in the 
precipitin reaction. 2,2,2- Trifluoroethanol, 1,2-ethanediol and glycerol were equally 
effective in causing reduction in the precipitin reaction. For these solvents C50 values 
varied from 13.3% (v/v) to 14.9% (v/v). However 1,2-propanediol with C50 value of 
8.8% (v/v) was a far better inhibitor. The most effective solvent which caused 
substantial decrease in precipitin reactions was 1,4-dioxane. This was followed by 
acetonitrile with C50 of 3.5% (v/v). N,N-dimethylformamide appears to be as effective 
as 1- propanol. 
We have made an attempt to correlate the C50 value obtained in various 
solvents with such properties of organic solvents as dielectric constant, log P and 
denaturing capacity. 
As shown in the curve when C50 value was plotted against dielectric constant 
of the organic solvent, a linear plot was obtained passing through the points for 
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solvents 1,4-dioxane, 1- propanol, propylene glycol, glycerol and ethylene glycol (see 
Fig. 30). But solvents such as N,N-dimethyl formamide, acetonitrile and dimethyl 
sulfoxide had to be excluded. Further, the value of dielectric constant of an organic 
solvent used in the computation refers to the value for pure solvent and not the 
mixture corresponding to its concentration at Cso value. Whether or not the Cso value 
depends on the polarity of the solvent as measured by log P(Khmelnitsky et al 1991; 
Laane et al, 1987) can be seen in Fig. 31 where the straight line has been drawn 
through all the points except solvents 1-propanol and ethylene glycol. The correlation 
coefficient between log P and the Cso value was 0.76. Finally the Cso value was 
plotted against the denaturing capacity of the organic solvent as defined by Khmel-
nitsky and coworkers (1991). The straight line given in Fig. 32 had the correlation 
coefficient of 0.95 which is very good.This is quite understandable because the kind 
of forces which stabilize native conformation of protein is the same as that involved 
in antibody-antigen complexes. Recent reports showed that at 12.5% (v/v) TFE, 
lysozyme exists in molten globule conformation containing sizeable amount of secon-
dary structure but very little tertiary structure (Buch et al., 1993). Near this concentra-
tion the extent of precipitation of lysozyme and antilysozyme antibodies was almost 
50% . It is concievable that significant amount of antigenic structure was retained in 
molten globule conformation. 
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Fig- 30 Plot of C^Q values from the lysoz3ane 
antilysozyme interations versus dielectric 
constant of the organic solvent. 
The organic solvents used were dioxane(l), 
1-propanol(2), propylene glycol(3), ethylene 
glycol(4) and glycerol!5) in order of their 
increasing dielectric constant. 
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Fig. 31 Plot of C^Q values from the lysozyme 
antilysozyme interactions versus log P value 
of the organic solvent. 
The organic solvents used in order of 
their decreasing log P values are 
dioxane(l), acetonitrile(2), dimethyl-
formamideC3), dimethylsulfoxide{4), propylene 
glycol(5) and glycerol(6). 
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Fig. 32 Plot of C^Q values from the lysozyme 
antilysozyme interactions versus denaturing 
capacity of the organic solvent. 
The organic solvents used in order of 
their decreasing denaturing capacity are 
dioxane(l), 1- propanoI(2), acetonitrile(3), 
dimethylforinamide( 4 ) , dimethylsulf oxide( 5 ) , 
propylene glycol(6), glycerol(7) and ethylene 
glycol(8). 
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